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これらの問題に関する研究は，その後も活発に行われ， する. これ に先だち， 1933年，R. R. Proctorにより
優れた数々の業績も見られる.しかし問題が基本的な “Engineering News Record"誌に発表された歴史的論
だけに残された課題も多く，現在もなお活発に研究が進 文口幻泊りについて，主な点、を整理する.
められているのが実情である. 第 1報と第2報に締固めの原理に関する主なものは述
今，破砕，転圧に伴う土の挙動を考えるに，土は外力 べられ，第3，第4報は，応用編と考えられるので， 1， 
に応じ常に粒径を変化させている. 自然、環境の下で長い 2報について述べる.
年月を経て生成されてきた粘性土は，ごく表層は別と し 1 プロタターの研究
て，一般には無構造(カベ状構造)と考えられる場合が 第1報の“FundarnentalPrinciples of Soil Cornpac-


































































































































































































































ては，軟弱地盤上での CBR，コ ーン指数 (qc)，土壌硬度
(qy)との線形関係が認められ，
!ogCBR=a+b. Pd a， bは定数
Pdは乾燥密度
なる関係も得られている叫.同様の結果は新援によって













































































































































































































4節では 1節から 3節までの結果に基づき，締固め 明らかにする.





























































































火山泥流 生土 92.3 56.1 58.2 
2.72 
(月山) 風乾土 74.9 44.9 8.2 
褐色森林土 生土 139.6 62.1 79.3 
2.71 
(鶴岡) 風乾土 118.3 53.5 9.5 
湖底土 生土 235.8 69.2 232.8 
2.47 
(八郎) 風乾土 166.1 64.8 8.6 
火山灰土 生土 143.1 72.1 113.2 
2.73 



























o 20 40 60 80 

















































風乾 (%) I水浸(%) 湿(gjcm) 
火 山灰土 16.2 61.3 1.257 1.594 
(関東) 自然状態| 15.3 68.9 1.130 1.531 
湖 底 土 9.1 !スレーキングi 1.108 
(八郎) 9.3 " 1.089 " 
褐色森林土 ねり返し| " 1.915 " 
(鶴岡) 自然状態| 9.0 " 1.836 " 
火 山泥流 5.7 " 1.622 " 






湖 底 土 1.043 
9.99 
(八郎) 1.061 











0.074以下 | 1.442 
小さいので，ケロジン法によった71)ケロシン法は団粒
















































































栓径 栄一~ 4.7-5.0mm ・-・2.0-2.3iDm
..，企0.4mm以下
フンマー



































e=与(l-e-t匂 ) ••••••••••••••••••••••••••••• • (l -1) 
ここで遅延時聞なは
r:K=す....… ・ ・・・ ・ ・(l-2) 





















X 10 -8 
X10・8
X 10 -10 X 10 -8 
荷重
5 I倒/m"
X 10 -， 80 
遅 50
廷













荷KN重1m2¥ 試料 I NaC10.1N 無添加
7 10 
0.2 4 8 
0.8 2 3 
3.2 2 















































比重|乾燥密度 l間際比 分解度 強熱減量
pd(g/cm3) I e H(%) ム(%)











































































































































1 . 0~ ， 、 ~I 1.0 
0.9 
0.9 





























































































( b ) 












































































































( b ) 
八郎ヘドロ
(風乾)
0 20 40 60 80 ∞ o 20 40 60 80 100 120 
合氷上む (%) 合水上む (%) 
図ll-17 圧縮荷重をかえた静的締固め曲線
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-...-月山作土 ( '1 

















。 10 20 30 40 50 
有機物合脊量(角G)

































































































x 0 % 2.75 5百
o 1 % 3.08 % 
d 2 % 3.30 % 
ロ 175百 8.93% ・60% 23.33 % 
90% 35.62 % ・100% 37.77 % 











































o 20 40 60 8() ∞ 
合水 路(%)
図n-25 有機物の混入率と pF-水分曲線







o ， 0 



























( . ) 
有機物含有量
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( . ) 
有機物含有霊
o 2.75% 
100 200 300 





0204060 80 100 
合水路(%) 合水tむ(%)















































自然土 O.OlN 0・1N O.OlN 0.1 N 






















理土では， LL = 72.5%， PL=36.8%であった.この試料
の粒度については，通常の分析方法では綿毛化現象を起
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図II-31のよ うになる.0.01， 0.1 N添加土についてはそ
の差は明瞭ではないが， 1Nの試料ではんが大きくな
り，本章 2節で指摘した供試土の微細化による影響が































































































ンシャルが (-1X 1010) ergs/gであったものを，含水量
を変えずに200Cまで下げると，その土壌水の化学ポテン
















































とpF値は低下することになる. したがって， 同一 pF
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• 一-B20 





















































( b ) 
温度変化からみた締固め幽線
褐色森林土(風乾)





• 17.5' c 









































140 -l 。百E性限界 J>. 液性限界 性，、
現役限界 70 限界. 塑性限界 (~ 160f¥¥ (%) 











生 1 2 3 4 5 10 生 l 2 3 5 10 
土 土
乾湿サイクル数(回) 毒患湿サイクル数(回)


























濃度 併 二 0・211
，‘ J 断 15
速
度 10 jf?? (radsec) 5 .& 10 
。
o 50 fh--ピンガム降伏値 100 150 
































































































( a ) ( b ) 
掲色 森称土 (風乾) 湖底土 (風乾)
波径 (0.42吋 .85皿) 経 径 (0.42可 .85皿 )
0・ 8~ 乾湿サイクル数 1.0-1 車E湿サイクル数 ロ
i 
• 2 間 企 3
1.2 ロ 4





1.51 • 2 
s手





3.0七 • & 
2.0 し
100 切o 1000 5000 100 500 1000 5000 
><10' ---)(10' 




















































































































凝集 | 強|大|大 |
イ オ ン
分散|弱|小 | 小| 大
多|弱 | 小 | 小 |
乾湿サイクル
少|強|大 |大| 大
高 | 弱|小 I/" I 
温 度
低 i強|大 I/" I 大
多|強|小 I/" I /" 
水分状態
少|弱 | 大 I/" I /" 
( a ) 
湿潤過程
( b ) 
乾燥過程

































































































大団粒きのさ 降団粒伏値の 仮団粒比重の 大の難団粒易の滑動 単位体積重量
細粒化|粗粒化増大|減少増加|減少 良 悪 増大 減少
I(ぷ)1 |ム| 101 
E 01 101 !ム 10 不飽和系
W 01 |ム i101 1_ 0 
V |ム 101 iム|






















































締固めには，乾式筒別で， 2.00~4.76， 0.84~ 1.1 9， 0.25 
























































粧径 2.00 -4. 76 凹
振とう時間 (時間 )
ーー ーーー-0
100. ーー ーー ‘ー l
一ー一一- 2
主801 --- 6 
.// 




































0.001 0.01 0.1 1.0 5.0 
粒 径(皿)
( b ) 
振とうO時間
， 
， ， ， ， ， 
， ， ， 
， ， 


















































質 (24時間水浸) / U.υ'4.mJ.J. (" I / 乙千0・84-1・1L
• 60 百 / 0.25-0・42u-z./ / /乙 2・∞~4.7L芸 40~
(%) 20 
。



















0.01 0.1 1.0 
聖宣径 {皿}









0.001 0.01 0.¥ 1.0 
聖立径 (回)
銀とう時間 (24時間}








。0・001 0.01 0.1 1.0 



































0.01 4.76 0.1 1.0 
粧径(凹)
図1lI-4 締固め時の含水比の遠いによる団粒の細粒化の程度
( a ) 
火山泥流の耐水性団経分析 (風乾)





















一一一ー-一・一ー← • ' 
-~ニーーーーーーーーーー-' 初期主主庭ーヂo 
0.001 0.01 0.1 

































































































































10 25 50 40 
回回四回








































NaCl 0.01 N処理土である 1)粒度調整試料での液性， 塑性限界
図1I-'-9は火山泥流(生土)であるが，自然、合水比を i)実験結果
境に，湿潤過程，乾燥過程の締固めであり，実験は非繰 各段階の試料での非すり潰し，す り潰し試験の結果を
返し法によった.湿潤過程では O.lmm以下の粒子が増 図I-lに示した， LLは0.005mm以下の試料が最大
加，それ以上の粒子は減少傾向を示す.乾燥過程では， で， 0.005~0.03， 0.03~O.074 mmは小さく， 0.074~0.1 05 
0.005mrn近辺の粒径を境に，それ以上の粒子は増加 mmではやや大きな値となっている.JISにしたがった
以下の粒子は減少傾向となる.ただし， 1.0mm以上の 方法で得た LLは， O.005mm以下>0.42mm(風乾)，
大粒子では，乾燥収縮，ス レーキングの影響も考えられ O.005mm以下>2.00mm(生土)という結果が得られた.
団粒の量は減少したものと考えられる.褐色森林土では， 生土と風乾土での違いは，O.005~O.03， O.03~O.074 mm 
締固め含水比が高くなるにつれて， O. 02~O.03 mm以下 のこ段階の試料ではその差は大きくはないが，他の三者
の粒子は増加，それ以上の粒子は減少している.また特 では大きな違いとなっている.
に高含水比では， O.005mm以下の粒子の増加が著しい また，非すり潰し試験では，O.005~O.105mm の三段


























O.司 Jー +ー・・ 2.∞
1.1 L' 10.31 ，nn 一一一一…/ 10.41，' ，fニ十一 0.50
J.-.I' " 10・71
，10.6L' 上ー-!・・・ O.!o 
0.71 ，'.1:"で1/11.41 v :Iu.o~， I.-.J--0.03 
--fri":τ1ノ.r一寸 ，ト..!.!.i--0.02 
じ二~. .' I!.到 11



























。 1.2 2.4 2.8 
査立径{単位:mm ) 
・ー・・ 4.76 

















なっている.LL試験前と後の比較では， 0.02~0.03 mm 
の粒径を境にした団粒の増減がみられる.なお， 0.074~ 








系金体の合水比は大きなものとなる. 一方， 0.005mm 
447 
以下の粒子が多くなるということは，挙動単位の比表面












































0.42 0.005 0.005 0.03 0.074 
皿皿





















? ? ? ?
30 
2.0 0.005 0.005 0.03 0.074 
mm mm 
以 以 0.03 0.0740.105 
下下回凹皿


















































































































































? ? ? ? ? ? ? ?

























































ら， LL， PL にかかわる粒子は 0.02~0.03 mm以下の粒
子であることは明らかであろう.また， 0.02~0.03 mm 
以下の粒子は，その力学的挙動の違L、から 0.001~ 0. 005
mm以上と以下の粒子に分けられる.
そこで，0.001~0. 005 mm以下の粒子と LLの関係に
ついて検討してみる.試料がダイラタンシーを起こす場
合には， LLの測定はなかなか困難である，前掲の図皿-
12によると， 0. 001~0. 005 mm以下の粒子の量は， 風乾
土の 0.42mm以下の試料で:'37~68%，生土の 2.0 mm 以
下では， 43~72%である.また， 0.005~0.03 mmのシル


































































































( mm ) 
2 




経過時間 (~~~ ) 
フォーノレコーン試験における貫入量一時間曲
線 (最終貫入量 10mmでの比較)
9 3 5 
30 60 sec 
1 min 





反発ポテンシャル (VR)と， ファン・デル・ ワ ルース力
による吸引カポテンシャル (VA)の和となる.
V=VR+VA …・-…・……--・H ・-…--・H ・--(I -1) 
ここtこ
450 









九=hpL2e却 (ー 2Ka) ....... (il-2) 
VA=~(-l+~ 2. 1 



















































聞に働く静電力，ファン・デル ・ワー ルスカ， 5)水和
作用がある.
今土壌の水膜厚さを試算してみると， 土粒子の比表面






































すなわち， 0.17μmとなる. 10μmの団粒では，S=0.2 
m2/gとすると1.7μmとなる.カオ リナイトでは，比表








































































締固めなし No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 








1 1 11 
:?OUぬ5.25
燈径(四)
火山泥涜 ( b ) 
繰返 し 2.ω 皿以下
締留めなし NO.l No.2 NO.3 NO.4 NO.5 NO.6 











































































































( N ) 
( b ) 
縞色森綜土(風乾)
を径 0.42-0.85 mm 
• 0.5 X1伊 N
X 2.5 X1伊N
ロ 5.0X 1伊 N
" 15.0 X 10‘N 
o 30.0 X 10・N
50 



































60 70 80 
合水路 (%) 
粒団の粒径の違いと pFー 水分曲線









るといえる. しかし， 1.20~4.76 mmの二段階の試料の
保水性の差は， 0.25mm以下の試料に比しきわめて小さ
い. したがって， 0.25mm以下の試料について，さ らに





















































o 2.00 - 4.76 回
6 0.84 - 1.19 mm 
x 0.25 - 0.42皿
• 0.074回以下
5可 525出
o I 0 I 0 
20 30 40 50 60 20 30 40 50 閃 20 30 40 50 60 
合水路 (忽} 含水比 (%) 合水上む (%) 







締固め含水比段階で， 0.84~ 1.1 9 mm試料とほぼ同じ保
水性を示したり，若干ではあるが保水性が良いという結
果が得られた.これは団粒径が大きくなると，団粒の強








記 アロゴ 粒 径 mm 表乾比重
Sl 2.37~ 4.76 2.535 
S2 4.76~ 9.52 2.557 
S3 9.52~15.9 2.593 






















































































• 0.074回以下。4 不 m 乱土
lQ 20 30 40 50 
話固め合水路 (%) 
図N-4 初期粒径の違いと透水係数の変化












t:. 0.84-1.19 mm 
X 0.25_0.42皿・0.074回以下





































o 20 40 60 80 100 
2.00-4.76皿紅径の混合率 (%) 











。20 40 60 80 100 
2.00-4.76回避径の混合率 (%) 







































































に示した. 図 (a)は pF一一水分曲線で、あるが，締固め


















fd=l・1g/CD¥' o 10 % 2.00-4.76皿
0630% 。
.6.309皆 0.074 mll 
30 40 50 
合水 上む (%) 
( b) 
火山泥流{風乾}
~燥密度一定( 1.1 g/cm') pF 1-4までを100%
初期位径(2.00-4.76醐} 初期遊径(0.074回以下)
締固め合水路






































つ. 0.074 mm以下の試料での締固め土は pF1~2 近
くの大間際は少なく， pF 2.5~3.0 の間際が多いという
特徴を持つ.また， 2.00~4.76 mmの試料で，含水比が































































.A. 70 9皆 96% 0.93(g~.') 
A 70 98 0.94 
• 60 79 0.88 
ロ 60 96 0.98 
• 52 73 0.93 
o 52 86 1.03 
(%) 
20 


























.. 70 % 96 % 0.93(g~.') 
A 70 98 0.94 
• 60 79 0.88 
ロ 60 96 0.98 
• 52 73 0.93 








80 o 60 80 20 40 








J 静的、 動的O--O) 45 静的



















































( cm') ( cm3) 
40 40 。 10 20 30 。 !o 20 30 40 
合水上む (%) 合水上む (%) 











































( a ) 
締固め合水路
25 % 































( b ) 
締固め合水上む
37 5詰
.pd = 1・2 (g，Am') 
































































































( sec ) 
100 























































合水路 50 % 100司 ー
ス 初期澄径(mm)
レ 80t・2.00-4.76 




50 100 2∞ 500 1000 
スレーキング時間(sec)
50 100 200 500 1000 
スレーキング時間 (sec)
( c ) 







S(%) D(mm) ω(広 Ip，(g/cm3) I向 (g/cm3) I e 
4.76~2.00 1.250 










































0.996 1.729 40.5 
0.998 1.723 40.2 
0.937 1.902 36.4 
1.047 1.595 42.1 
1.056 1.573 65.5 
1.111 1.448 69.7 
0.986 1.757 58.1 
1.137 1.391 74.9 
1.107 1.454 98.1 
1.142 1.397 99.5 
1.101 1.470 92.8 







































































( sec ) 







































































( 箔固め荷量2・1X 10' (附/zF) X102. 鏑固め荷量2・1X 10' (剛/.')
1.1 
0.81 ¥ 
I { ( a ) 1.0 ~ I¥( b ) 
圧 Ef





















































































































たコーンの形状は先端角30'，断面積 6.4cm2 である • qy 
は同一供試体で5点、測定し平均値を用いた，供試土の締
固め曲線は図1V-241こ示したがp それぞれの貫入抵抗は
試 料 lT点|記号|真2重 lrlrlT
山大農場 Y-S-1 
• 
2.69 46.3 31.1 15.2 
山大農場 Y-U-1 O 2.62 50.2 35.3 14.9 
幕の内 M-S-3 × 2.58 49.5 33.3 16.2 
幕の内 M-U-1 ⑥ 2.60 63.3 36.6 26.7 
面の山 0-S-2 口 2.53 80.5 46.3 34.2 













湿潤過程 Y -s -1 
Y -u -1 
M -5 -3 
M -Uー 1
o -S -2 





















40 30 20 10 。
図lV-24
Y -S -1 
Y -U -1 
M -S -3 
M -U -I 
0・ S-2 













図lV-25 乾燥密度と CBR2・5 の関係
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目の点で CBRは急激に大きく なる. 8番目の点の pd'
叩は1.42g/cm3， 28.53ぎであり 9番目の点では1.43g/ 
cm3， 28.0 %であった.両者の差はきわめて小さいが，
CBRは4.7%から 10.9%へと飛躍的に大きくなる(第 i


































試務 M-S -3 
X1Q2， A ~Y 
o ~ι 













1.2 1.3 1.4 
















般には両者で異なる.また， 貫入速度は CBRで 1mm/





























!ogCBR2・5=ー 7.12+5.43Pd ……… H・H・"'(N-3)
(n=8， r=0.99***) 
!ogqco =-5.52+4.76pd ……..・H ・.…(N-4)
(1=7， r=0.99紳*)
!og qy = -5.24+4.76 Pd ………...・ H ・"(N-5)
(n=8， r=l.OO*料)









第 1 段階は担u点 l~ 8 ，第 E 段階は測点 9~13で，乙の
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M -U -1 
o -S -2 












50 60 70 
X10・
コーン指数 {附/ m') 
コーン指数と CBR2・5 の関係
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Y -U -1 
)1 -S -3 
)1 - U -1 
o -s -2 










90 ∞X 10' 
土製硬度 {附/m') 
土壌硬 度 と CBR日の関係

















CBR2・5=-0.16+0.24qco・H ・H ・..・ H ・H ・H ・'(N-7)
(11=34， r=0.91件本)









ここでは第 I段階は CBR7 %以下，なお，
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火 山 泥昔話 {風 乾 )
締 固め荷 重
。 2.0 X 102 (附/m")
A 4.0 X 10. + 
~ 8.0 X 102 4 
( a ) 
• 12.0 X 102 + 
( b ) 
量立径 2.∞-4.76l1li 1.2J 濫径 0.07411 以下
1. 
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0.975 g/cm3， 0.25~0.42 mmで 0.995g/cm3， 0.84~ 1.l9 































































合水路 25 % 









































( c) 0.20-0.42 阻
10 


















































0・ O.2 0.'4 2;; X10Z 
荷重(I倒/1")
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火 山 泥流 {風乾)















10 100 1000 
遅延時間 ( min ) 







.1 10 100 1000 
遅延時間 ( min ) 
図N-36 遅延スベクトルから見たクリープ試験における団粒の挙動
表N-4.初期間粒径の違いが粘弾性定数に及ぼす影響
叫 =25%(不飽和系) w=45% (飽和系)
初期粒径 荷 重 荷 重
(mrn) (KNjrn2) (dynjcrn2) I (poise) (KNjrn2) (dynjcrn2) I (poise) 
X 102 X 107 X 108 X 102 X 107 X 108 
0.2 10.2 16.8 0.2 1.6 1.7 
0.4 13.8 18.6 0.4 2.8 3.4 
4.76~2.00 
0.8 19.1 20.7 0.8 5.8 7.1 
1.6 25.7 30.8 1.6 1.9 12.5 
0.2 11.4 9.9 0.2 1.9 2.4 
0.4 15.6 20.9 0.4 3.3 3.9 
1.1 9~0.84 
0.8 19.8 20.5 0.8 6.5 7.8 
1.6 27.0 32.1 1.6 11.6 10.4 
0.2 10.3 11.7 0.2 1.7 2.0 
0.4 16.3 22.1 0.4 3.3 3.9 
0.42~0.25 
0.8 11.5 10.4 0.8 7.3 9.9 
1.6 24.1 25.3 1.6 15.4 18.4 
0.2 3.0 2.9 0.2 2.6 2.8 
0.4 6.1 6.9 0.4 4.6 5.9 
0.074以下
0.8 10.1 10.1 0.8 7.8 8.9 






































砂混合率 荷 重 荷 重
(%) (KN/m2) (dyn/cm2) I (poise) (KN/m2) (dyn/cm2) I (poise) 
X 102 X 107 X 108 X 102 X 107 X 108 
0.2 4.6 4.9 0.2 1.3 1.5 
0.4 5.0 5.6 0.4 2.5 2.8 
20 
0.8 9.4 16.3 0.8 4.8 5.3 
1.6 16.7 20.5 1.6 14.5 16.8 
0.2 3.9 4.1 0.2 1.5 1.8 
0.4 5.8 6.9 0.4 2.7 3.1 
40 
0.8 9.0 9.6 0.8 6.9 8.2 
1.6 14.3 15.0 1.6 13.1 15.1 
0.2 4.4 4.1 0.2 1.7 1.6 
0.4 7.4 7.5 0.4 3.6 3.8 
60 
0.8 10.6 11.1 0.8 5.9 6.2 
1.6 21.2 20.7 1.6 13.3 14.0 
0.2 7.5 8.1 0.2 3.5 3.9 
0.4 14.0 19.3 0.4 5.1 6.1 
80 
0.8 23.8 29.0 0.8 8.9 8.0 
1.6 30.7 32.0 1.6 25.7 35.1 
0.2 3.3 2.0 0.2 4.4 4.1 
0.4 9.3 5.6 0.4 8.5 10.7 
90 
0.8 34.8 53.3 0.8 20.9 23.5 





























































































10 I 0 Y -U -1 
健 M-S -3 
• • o M-U-l • コ • 61- 0 、
G /' . 
，‘ J








|採土地点 |乾燥密度 |含水比 i飽和度試料-"~-'''' ! '~"":-'--:.! -
No !pd(g/cm2)! ω(%) ! S(%) 
山大農場 Y-S-l 1.24-1.38 34.5-42.8 96.3-98.7 
山大農場 Y-U-l 0.83-0.89 68.6-74.7 89.4-97.5 
幕の内 M-S-3 0.88-1.06 51.2-66.5 92.1-96.9 
幕の内 M-U-l 0.86-1.04 55.7-75.1 95.4-99.7 
面の山 0-S-2 0.75-0.87 66.3-77.2 82.3-93.1 
山大 YN-S-2 1.01-1.18 40.0-50.9 79.9-87.1 新農場
の回帰直線の式は次のよ うになる.
CBRs•o= 0.29 + 0.22 qc…....……・-………(Y-1) 
(n=53， r=0.89***) 





































よると Pdが 0.88，1.06 g/cm3では，CBR2・5はそれぞれ
























.Y-S-1 ⑥ 。Y-U-1 @ 
























































































































走行容易 4以上 3以上 3以上
" やや難 3~4 2-3 2~ 3 
" 難 2 ~ 3 1 ~2 1 ~2 
" 不能 2以下 1以下 1以下
表Y-2.





































































合氷 上む (% ) 
パイプの変形挙動実験時の供試土の状態
湿潤密度 1.84 1.84 1.86 1.71 1.19 1.62 1.69 1.87 pt(gjcm3) 
乾燥密度 1.35 1.41 1.46 1.44 0.98 1.32 1.38 1.53 Pd(gjcm3) 
合 水 比 371 31 261 19 21 22 21 22 zv(%) 
間 F笈 上b 1.00 0.91 0.84 0.87 1.76 1.04 0.95 0.76 e 
飽 和 度 99.5 91.6 83.3 58.7 34.2 58.7 63.7 79.1 S(%) 
表Y~3 . 各測点における土壌の状態














45 c皿-，1 1<- 45 cm 
正面図 側面図
図Y-8 パイプの実験装置
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? ? ? ?
(受働抵抗係数 e')
敷砂なし 支持角 。 支持角 1200 支持角 1800 
荷重 水平 荷重 水平 荷重 水たわみ平量 荷重
水平
たわみ量 e' たわみ量 e' e' たわみ量 e' 
(KN/m2) (cm) (KN/m2) (cm) (KN/m2) (cm) (KN/m2) (cm) 
X 102 X 102 X 102 X 102 
0.06 O 0.06 0.013 55.6 0.06 -0.009 - 95.2 0.06 -0.008 - 99.1 
0.09 0.006 214.6 0.09 0.008 157.5 0.09 -0.011 -114.6 0.09 -0.013 - 93.3 
0.16 0.020 108.9 0.16 0.015 149.9 0.16 -0.013 -166.7 0.16 -0.016 -129.7 
0.26 0.039 88.8 0.26 0.048 69.6 0.26 -0.003 -1094.2 0.26 -0.018 -181.8 










パイプ下不撹乱 敷 砂 下 不 撹 苦L 全 撹 苦L
敷砂なし 支持角 。 支持角 180。 支持角 180。 敷砂な し
荷重 水平 荷重 水たわみ平量 荷重 水たわみ平量 荷重 水たわみ平量 荷重
水平
た(わcmみ)量 e' e' e' e' た(わcmみ)最 e' (KN/m2) (KN/m2) (cm) (KN/m2) (cm) (KN/m2) (cm) (KN/m2) 
X 102 X 102 X 102 X 102 X 102 
0.06 0.010 84.1 0.06 0.025 25.3 0.06 0.013 42.3 0.06 0.014 38.8 0.06 0.001 966.2 
0.13 0.023 75.9 0.13 0.051 26.6 0.13 0.015 89.9 0.13 0.022 56.8 0.13 0.013 145.0 







合水上む 初 1(%) 








塑 0.31・-高 .. . . . . 





































































(泥炭) 荷重 0.2(X 10" 1倒/m')
設計支痔角




0.20、‘ .0 !80 
ロ 360
。
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2 3 5 3 
経過持閣 (目的 経過時間(回日)
図Y-17 泥炭地盤におけるパイプの挙動


















































して， 有機物， イオン， 温度， 乾湿履歴をとり上げ，
これらの各要因と団粒の挙動のかかわりについて検討し
Tこ.






















































検討するため，あらかじめ 0.074~仏105， 0.03~0.074， 















に大別されたが，初期粒径の影響を持つ 0.02~0.03 mm 
以上の大間粒は，微細な団粒の供給源となること，また，
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Summary 
Soil compaction is one of the most important 
methods for improving the infrastructure of agricul. 
tural land. In this study， the author has tried to 
clarify the mechanisms of soil compaction from the 
perspective of the crushing of soil aggregates and to 
explain how the nature of thiscrushing affects the 
physical and mechanical properties of compacted 
soils. The main purposes of this study may be sum-
marized as follows : 
~to explain the relations between behavior of 
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aggregates crushed by compaction and the various 
shapes of compaction curves ; 
-to determine the grain sizes of particles (in-
cluding the aggregates) changed by compaction and 
to explain the variation in the behavior of the 
di妊erent-sized particles and the effects of this varia-
tion on soil compaction ; and 
-to examine the effects of crushed aggregates on 
the physical and mechanica.1 properties of the com-
pacted soils. 
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There are three particular characteristics of this 
research. The first is that the shapes of the various 
compaction curves are explained in terms of the 
behavior of the variably-viscous aggregates crushed 
and recombined during compaction. This has been 
based on considerable compaction test data. Secondly， 
the study explains the relationship between the 
mechanism of soil compaction and the degree of 
particle admixture. And thirdly， these results are 
applied to an understanding of the relation between 
the physical and mechanical properties of compacted 
soil and grading 
These issues have been studied by means of on-
site and simulated field experiments. Thus， ithas 
been essential in this research that methods be 
established to determine and to detect just how 
aggregates change under compaction. 1n this regard， 
the author hぉ usedrheological methods to infer the 
aggregates' behaviors， and he applied methods of fine 
aggregate analysis-in order to measure the tendencies 
in aggregates' change. These points are also very 
important in understanding this research. 
Chatter 1 : This chapter explains theimportance 
of understanding the mechanism of soil compaction 
for irrigation， drainage， and reclamation engineering. 
1t describes previous studies of compactiOi1 and of the 
physical-mechanical properties of compacted soil， and 
it then details the procedures and goals of the present 
research. 
1n brief， itfinds that earlier research did not 
progress beyond qualitative accounts of the response 
behaviors of aggregates under compaction pressure. 
Thus， in this study， careful observations and measures 
of aggregates in compacted soil were made to analyze 
quantitatively the process of soil compaction and 
effects of aggregate characteristics. 
Chatter 2 : This chapter describes the distinc. 
tive shapes of the compaction curves for several soi1 
types : various high-viscous soils; sand; sand-and 
high-viscous-soil mixtures ; and peat soil， which is 
widely distributed across the Tohoku (northeast) 
reglOn. 
There are actually several di旺erentcompaction 
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methods， including dynamic， static， repetitive， and 
non-repetitive techniques. Compaction curves for 
these several methods were obtained and compared， 
and the di任erencesin the minuteness of compacted 
aggregates were analyzed. There are a number of 
physical-chemical factors that IIuluence the proper. 
ties and behaviors of aggregates as they undergo com. 
paction. This research selected four such factors: 
organic matter， soil temperature， ion， and past cycles 
of soil drying and moisturizing. The relationship of 
each factor to aggregate behavior was studied， and 
was used to explain the characteristics of the various 
compaction curves. The principal results are as fol-
lows: 
(1) 1n order toobtain high densities in com-
pacted soil， itis essential that there must be large 
particle aggregates. However， the required number of 
large particle aggregates is relative to the various 
sizes of grains that fil the pores among the large 
aggregates. That is， there must be a sl1fficient number 
of fine-size aggregates to al10w the large ones to 
move smoothly. 
(2) 1n compacting soil samples with the same 
initial grain sizes， high density results wer-e obtained 
by compaction with a more vigorous mixing action. 
This condition was produced by the difterences in the 
rate at which aggregates were crushed and in the 
ease with which large aggregates could easily move. 
(3) The properties of aggregates are altered by a 
number of physical-chemical factors， and an impor-
tant problem for understanding compacted soil con-
ditions is to determine the eft巴εtsof 白 chfactoron 
the fragmentationor conglomeration of aggregates. 
Soil fragmentation， ease of slaking， and reduction in 
the resistance value (yield point) ofaggregates gener. 
ally produce :a large incr回 sein dryness density. 
However， when there is a large increase in minute 
aggregates， the water which has been squeezed out 
then causes a recombination of these aggregates. At 
the same time， these newly-reformed large aggre. 
gates have a more porous structl1re than those prior 
to fragmentation ; thus， the dryness density is de. 
creased. 
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(4)For these reasons， the compaction curves of 
soiJs can be divided into six fundamental steps， 
according to the reciprocal cycles of moisturizing and 
desiccating. That is， in the moisturizing phase， in. 
creasing water content produces a three-step change 
in the dryness density: decrease-increase-decrease. 
ln the desiccation phase， the decreasing water con. 
tent produces a second three-step change in the 
dryness density : increase-decrease-increase. 
(5) Thus， for the same graph， one can trace shifts 
in compaction curves-up and down shifts in some 
cases and right and left shifts in other cases. This 
research has clarified the basic patterns of these 
shifts. Furthermore， ithas been able to attribute 
these pattern shifts to conditions of soil consistency 
and to conditions of the aggregates as moving units 
(that is， the changing directions of aggregates， differ. 
ences in their yield points， and differenc邸 intheir 
apparent specific gravity). 
Chatter 3 : ln this chapter， the grain sizes of 
aggregates involved in soil compaction are classified 
into three groups， and the functions of each group 
are discussed. 
Using the conventional techniques of analysis 
of water-stable aggregates， itis most difficult to 
measure the minute aggregates coupled in the 
compaction process. After exploring a number of 
alternatives， the author in this study employed a 
different method of grain separation and size analysis， 
appropriate to such fine aggregates. The time re-
quired for concussion was two hours， the ampli-
tude of vibration was 4 cm.， and the number of vibra-
tions was 200 times per minute. Given the quick 
effects of settling"， immediately after compaction， 
the test soils were soaked in water and subjected 
to concussion. (Hydrogen peroxide treatment was 
not used in this experiment.) From the results of 
many analyses of compacted soil aggregates， itwas 
ascertained that there is apparently a boundary at 
the diameter range of 20-30μm. That is， in the 
process of compaction， aggregates with a diameter 
larger than 20-30μm "decreased， whiJe those with a 
diameter below that boundary level increased. Ac-
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cordingly， the grain sizes that controlled the process 
of compaction were classified into two grades: (1) 
larger aggregates above 20-30μm ; and (2) finer-sized 
aggregates below 20-30μm. lt was the latter group 
that increased remarkably during compaction. 
In order to investigate the functions and signifi-
cance of those small aggregtes below 20-30μm， con・
sistency tests were conducted on samples which were 
prepared from five separate grades of grain sizes: 
aggregate sizes below 420μm (JIS) ; those in the 
range， 74-105; those in the range， 30-74; those in 
the range， 5-30; and those less than 5μm. In these 
tests， at an ordinary level of molding， the dilatancy 
phenomenon was observed in samples of grain sizes 
between 5-105μm， but under full molding， this phe-
nomenon was not observed. 
Soil grading after the liquid limit test indicated 
that aggregates sized below 20-30μm increased in 
the JIS soil samples and that aggregates sized above 
the 20-30μm range were found in 75%-95%of the 
samples. Based on this， itwas concluded that the 
finer-sized grains (below 20-30μm) were the ones 
that regulated the consistency qualities of the sam-
ples. The presence or absence of dilatancy was 
determined both by grain size and the conditions of 
admixture in the samples. Considering this， whether 
small-sized particles (below 5μm) increased or de-
creased proved especially important， because it be-
came clear that they acted to hold together those 
larger-sized particles above 5μm. 
Thus， grain sizes important in soil compaction 
were broadly classified into two grades. During com-
paction， aggregates which were formed of large-sized 
grains due to the composition of the initial sample 
soiJs became the sources for finer aggregates and 
generally produced compacted soils of higher den-
sities. It is clear that the small aggregates (20-30μm 
and 1伐 5)filled the pores among larger aggregates. 
Finally， the still-smaller particles (5μm and less) 
served the important function of holding together the 
large aggregates. 
Chatter 4 : This chapter details the results of 
investigations of the physical and mechanical prop・
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erties of compacted soils and the relationships of 
these to the behavior of aggregates under compaction. 
To study permeability， four grades of soil samples 
were prepared : 4760-2000μm; 1190-840μm; 420-250 
μm; and 74μm and below. Itwas discovered that 
compaction produced a remarkable reduction in per-
meability， not only in all saturated post-compaction 
samples， but also in unsaturated samples of 74μmand 
less. This corresponds well to the increase in small-
sized aggregates under compaction. It was further 
ascertained that the coefficient of water permeability 
dropped remarkably in compacted specimens when 
the content of very small aggregates (74μm and be-
Jow) exceeded 40%. 
Testing the degree of water retention among the 
above four grades revealed that， in unsaturated 
conditions， water retention in compacted soil spec-
imens below 74 p.m increased remarkably. However， 
for saturated specimens， there were few di仔erences
in water retention among the four grades. 
Other experiments were performed on the com-
pacted specimens to investigate the properties of 
shrinkage， slaking， unconfined compression strength， 
penetrating resistance， cutting resistance， and visco-
elasticity. They demonstrate that differences in com-
paction methods were refl.ected in measures of these 
various physical-mechanical properties， even though 
the moisture ratio and density remained the same 
after compaction. The cause of this variation， then， 
was the orientation of particles and the degree of 
fineness of the aggregates. Again， the cohesive power 
of fine particles (5 p.m and below) proved critical. 
Regarding properties of visco-elasticity， the re-
tardant spectrum and changes in the constant of 
visco-elasticity were investigated. These studies 
showed that by such analysis， one can understand 
indirectly the behaviors of aggregates ; they prove to 
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be effective methods for studying the mechanical 
properties of compacted soils. 
Chapter 5 : This chapter discusses the relation-
ship of compaction to several case喧 ofapplied field 
issues : soil bearing capacity; subsoil improvement; 
and the use of underground piping. 
Bearing capacity data were compared for in-field 
soils and for laboratory soil samples of the same 
compacted condition. It was found that the bearing 
capacity values of the自eldsoils were higher than 
those of the laboratory samples. The chapter specu-
lates that this is d ue to differences i n the si ze of the 
soil moving units. 
Investigations were also conducted into the use of 
buried， underground piping in the soft clayey soils 
and peat soils of the alluvial paddy自eldson Shonai 
Plain (Yamagata Prefecture). The chapter indicates 
that the short-term effectiveness of the piping de-
pends on the amount of air gaps in the compacted 
soils immediately surrounding the piping ; the long-
term effectiveness of the piping depends on soil creep 
and pressure movements. 
Chapter 6 : This concluding chapter summarizes 
the results of the thesis study， and offers a perspec-
tive on further， related problems. 
This research has identi自edseveral issues of 
signi自cance.First， itdemonstrates that there is a 
functional classification of 3 grades of soil aggregates 
involved in the process of compaction. Secondly， it 
shows that it is possible to understand the mecha-
nisms of compaction of clayey soils by considering 
the ways in which aggregates are crushed during 
Compaction. And五nally，the research has indicated 
the special significance of small-sized aggregates 
(below 5μm) on the physical and mechanical proper-
ties of compaction. 
